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Introduction 

Mithin the framework of the stated problems relating to the 
diagnosis of the presence of life on Mars and its characterizatian, 
we shall try to disCuss the possible contributions of electron 
microscopy and related electron optical techniques, centering on 
experiments in situ, with telemetry back to Earth. Essentially, 
this approach is based on the fundamental role of microscopy in 
its broadest sense as a central unifying discipline of the Natural 
Sciences, which has immeasurably augmented man's dimensional span 
in the scale of living systems. 
and extension of the comprehensive automatic light microscope 
system for use on a planet, as proposed by J. Lederberg and his 
associates (1). 

light microscope several hundredfold, scanning the whole range of 
submicroscopic structures down to the molecular and atomic level. 
Beyond this, electron microscopy and related techniques possess 
certain inherent specific advantages and capabilities which are 
uniquely suited to the space environment and to Exobiology studies 
in general. 
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It represents a logical complement 

- 
Electron microscopy extends the range of resolution of the 

The nature of life is literally writ small, in the submicro- 
scopic domain, and electron microscopy permits us to read directly 
all variants of the sculpture of living forms at the molecular 
level. Thus, within Lederberg's (2) comprehensivE evolutionary scheme 
of Chemogeny, Biogeny, and Cognogeny, an electron optical scan 
would ideally supplement the chemical scan and radiation probes to 
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I 9 automatically integrate relevant information pertaining to life 
I at the various hierarchical levels of subcellular, viral, macro-. 
I 

molecular, and molecular organization. In this quest the electron 
microscope, and the microscope in its broadest sense, may prove 
to be the prime analytical tool both for the detection of "entropy 
pockets" in an alien planetary environment, and for subsequent 
operational inter-action and controlled modification of this domain. 

I 
Since the fundamental definition of Biogeny is the well-ordered, 
information carrying macromolecule, electron microscopy appears 
to be one of the most promising direct approaches to its detection. 
In this connection, detection of any type of ordered macromolecules 
or their derivatives--which can only be accomplished directly by 
electron optical techniques--would provide invaluable information 

biogenic or chemogenic origin. As Lederberg (1) has pointed out, 
we can reasonably expect to find evidence of microscopic life in 

more reason to suppose that extension of this microbiological 
analysis by electron microscopy through the macromolecular domain 
may w e l l  prove to be the most reliable diagnosis for the presence 
of life on Mars or any planet. Imagine, for example, how much we 
would miss today if electron microscopy had not disclosed the 
sophisticated morphology of virus particles (bacteriophages, etc.) 
in which, quite literally, resides the combined information on 
their structure and function. In turn, how much would we not miss 
if our analytical scan of the environment on Mars were not to 
encompass the whole spectrum of submicroscopic organized forms 
which may well prove to be particularly well represented under the 
peculiar ambient conditions of Mars. 

I relevant to the origin of life and giving clues to its cognogenic, 

t ' .  any I I  drop of water," "pinch of soil, 11 or !I gust of wind." A l l  the 

From these considerations stem the basic concepts of miniatufized 
and mobile electron microscope I I  stations'' embodying appropriat5ly 
miniaturized componentries f o r  an integrated collection and transport 
of specimens, physico-chemical and physical processing of the 
samples remotely controlled by servo systems and coupled with a 
vidicon-transmitter telemetry chain. Such a miniaturized electron 
microscope station would not only serve as a powerful analytical 
tool for detection of life on Mars, but also for exobiological 
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g t u d i e s  i n  general .  

Methodologically,  e l ec t ron  microscopy and r e l a t e d  e l e c t r o n  
o p t i c a l  techniques haveThe  s i g n i f i c a n t  advantage of being a b l e  
t o  e x t r a c t  t h e  maximum of information from samples which a r e  s e v e r a l  
o rde r s  of magnitude smaller  than those  required f o r  l i g h t  microscopy. 
T h i s  economy o r  optimized parsimony of the r a t i o  of information 
output  r e f e r r e d  t o  submicroscopic sample s i z e  i s  of c r i t i c a l  
importance when dea l ing  w i t h  automated exobiological  experiments 
-- i n  s i t u  which have t o  be relayed back t o  e a r t h  by t e l m e t r y .  I n  
many ways, one can invoke a reveal ing example quoted by Lederberg 
when po in t ing  out  (1,2) t h e  extremely cumbersome automatic i n s t r u -  
mentation t h a t  would be  needed t o  c a t c h  a hare and then t o  determine 
i t s  n u t r i t i o n a l  requirements. By analogy, one could p o i n t  out  
t h a t  a systematic  e l e c t r o n  o p t i c a l  survey can be c a r r i e d  out on 
an u l t r a t h i n  s e c t i o n  only lOOA i n  th ickness  and not  more than a 
few square microns a r e a ,  which i s  seve ra l  o rders  of magnitude 
smaller than t h e  r e q u i s i t e  l i g h t  microscopy samples of s e v e r a l  
hundred thousands th ickness  and scores  of square microns i n  area. 
T h i s  i s  p a r t i c u l a r l y  r e l e v a n t  t o  t h e  problem of being a b l e  t o  sample 
not  only t h e  atmosphere and sur face  of  Mars, bu t  perhaps more 
impor tan t ly ,  t h e  subsurface and deeper s t ra ta  of Martian s o i l ,  where 
we may expect t o  f i n d  t h e  most va luable  c l u e s  on the evolu t ion  of 
l i f e .  An e l e c t r o n  microscope equipped w i t h  a minia tur ized  u l t r a -  
microtome equipped w i t h  a diamond k n i f e  (3,4,5) DT a diamond d r i l l  

f o r  product ion o f  u l t r a t h i n  sec t ions  which can be read o f f  d i r e c t l y  
wi th  t h e  a t tached  e l e c t r o n  microscope would se rve  a l l  of t hese  
requi red  func t ions  i n  a p r a c t i c a l  and e f f i c i e n t  way. A s  w i l l  be 
descr ibed l a t e r  on, these systems would n o t  i n  any way r ep lace ,  
b u t  i n  f a c t  i d e a l l y  supplement, t h e  p re sen t  contanplated l i g h t  
microscope systems. 

f 

4 

I n  t h e  fol lowing,  a br ief  o u t l i n e  w i l l  be  given of t h e  d i s -  

t i n c t i v e  methodological f e a t u r e s  of e l e c t r o n  microscopy i n  terms 
of t he  r e l a t i v e  i n t e r e s t  t h a t  t h i s  approach should a t t r a c t  i n  
dea l ing  w i t h  t h e  bas ic  problems. 'Only t h e  e s s e n t i a l  engineer ing 
d e t a i l s  w i l l  be  presented of the s p e c i f i c  p r o j e c t  embodying a 
minia tur ized  e l e c t r o n  microscope w i t h  coupled p repa ra t ive  devices  
f o r  sampling, prepar ing ,  so r t ing ,  and te lemeter ing  of specimen 
data. F i n a l l y ,  some o f  t h e  promising approaches i n  t h e  development 

'- 
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&nd implementation of these proposals will be surveyed, with 
particular emphasis on the priority assigned to this project which 
merits a determined effort. 

* 
.- 

Miniaturized Electron Microscope--Vidicon systems with automated 
specimen collection, preparation, sampling and telemetered data 
output for Exobiology studies. 

Methodologically, electron microscopy and related electron 
optical techniques are of unique operational value as major tools 
for Exobiology and space investigations in general because: 
(a) The requisite conditions for electron microscopy--high vacuum, 
electron-beam and ion irradiation, thin specimens (100-1,000 a) , 
and low-temperature electron microscopy and electron diffraction, 
are very similar to conditions encountered in outer space and 
planetary environments. 

(b) Successful application of the high spatial resolution of the 
order of 6 to 8 reproducibly attainable with modern electron 
microscopes, now permits direct visualization of structural organ- 
ization down to the molecular level, and in favorable cases of 
the array of atoms in crystalline lattices. In fact, this unique 
possibility of obtaining data, which is directly related to a 
limited number of atoms or molecules only, and is thus well above 
the level of statistical uncertainty commonly associated with 
indirect analytical methods, is of particular importance in the 
study of the structure and composition of submicroscopic particles, 
such as those of interstellar matter with diameters of a few tenths 
of a micron down to 10 to 100 A .  Moreover, electron optical and 
related microprobe analytical techniques are at present the only 
adequate methods for examination of gaseous and solid components 
as they occur in the extremely high dispersion, ultrahigh vacuum and 
low temperatures encountered in outer space, and in certain 
planetary environments. 

(c) The special techniques that have been developed for electron 
microscope studies of specimens are actually readily adaptable to 
examination of extraterrestrial matter, because we are dealing 
essentially with the same problems. 
or single-crystal, stable coherent films, of plastic films, repli- 
cation, shadow-casting, etc. are suitable for these purposes. In 
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' this way, and d e s p i t e  t h e  numerous unsolved t e c h n i c a l  problems, i t  
should be poss ib l e  t o  obta in  and examine, as wel l  as perform 
chemical a n a l y s i s  ( e l e c t r o n  microprobe a n a l y s i s ,  e l e c t r o n  d i f f r a c t i o n ,  
c o r r e l a t e d  physico-chemical and mass-spectrometric a n a l y s i s ,  e t c . )  
of m a t e r i a l  f r o m  space,  l u n a r  and p l ane ta ry  probes i n  a way t h a t  
cannot  be achieved by any other  known technique. 
po in ted  out  t ha t  mos t  of t h e  re levant  f i n e  s t r u c t u r e s  of t h e  
specimen materials would be well below t h e  reso lv ing  power of 
p r e s e n t  l i g h t  and x-ray microscopes. 

( d )  E lec t ron  microscopy and r e l a t e d  e l e c t r o n  o p t i c a l  devices  are 
e s s e n t i a l l y  extensions o f  t e l e v i s i o n  techniques.  They can, there-  
f o r e ,  be r e a d i l y  adapted d i r e c t l y  to TV cameras such as those  used 
on Surveyor o r  Ranger space c r a f t  adapted f o r  use i n  t h e  explora t ion  
of Mars. A t e l e v i s i o n  survey camera e s s e n t i a l l y  conta ins  t h e  same 
bas i c  elements ( e l e c t r o n  source,  electro-magnetic focus ing  l e n s e s ,  
v id icon  tubes ,  e t c . )  as an e l ec t ron  microscope. 
necessary t o  add c e r t a i n  components i n  o r d e r  t o  convert  such a 
t e l e v i s i o n  survey camera i n t o  a simple type of e l e c t r o n  microscope 
which would considerably extend t h e  range o f  r e s o l u t i o n  of such a 
camera from t h e  p re sen t  meter range t o  t h e  sub-micron range. I n  
f a c t ,  t he  proposed use of miniatur ized e l e c t r o n  microscopes 

Microscopes" f o r  p l ane ta ry  explora t ion  a s  suggested by D r .  Joshua 
Lederberg of Stanford Univers i ty ,  and now being developed i n  
Dr. G e r a l d  So f fen ' s  l abo ra to ry  a t  t h e  J e t  Propulsion Laboratory i n  
the C a l i f o r n i a  I n s t i t u t e  of Technology ( 7 ) .  Even a simple minia- 
t u r i z e d  e l e c t r o n  microscope (coupled d i r e c t l y  and p re fe rab ly  i n  
t h e  same vacuum system with the t e l e v i s i o n  survey camera) would 
have a reso lv ing  power of t he  order  o f  a few hundred Angstrom u n i t s ,  
which i s  w e l l  below t h e  use fu l  reso lv ing  power ( o f  about 3,000 t o  
2,000 A )  of t h e  b e s t  l i g h t  microscopes p r e s e n t l y  a v a i l a b l e .  
over ,  i n s t ead  of  using a vidicon tube which works on a photo- 
conductive p r i n c i p l e ,  t h e  e l ec t ron  image o f  such an e l e c t r o n  microscope 
can be converted d i r e c t l y  by s u i t a b l e  image i n t e n s i f i e r s  ( 6 )  i n t o  
e l e c t r i c a l  s i g n a l s ,  which when h igh ly  amplif ied and converted t o  
a frequency-modulated s i g n a l  can be s e n t  and received- on Earth.  
A l t e r n a t i v e l y ,  as discussed f u r t h e r  on, t h e  e l e c t r o n  microscope 

Y 

It should be 

It would only be 

r ep resen t s  a l o g i c a l  supplement and extension of t h e  I t  Vidicon 

More- 
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fmage could be recorded d i r e c t l y  on s p e c i a l  h igh- reso lu t ion  and 
u l t r a t h i n  photographic emulsions, s u i t a b l y  demagnified by a f a c t o r  
of s e v e r a l  thousand times. I n  t h i s  highly condensed form t h e  
e l e c t r o n  microscope image could be e i t h e r  read o u t  and telemetered 
back t o  Ea r th ,  o r  conceivably sen t  back d i r e c t l y  i n  s u i t a b l y  
packaged form f o r  r e t r i e v a l  on E a r t h  ( s e e  supplement t o  t h i s  r e p o r t ) .  

It i s  of course poss ib l e  and a c t u a l l y  advisable  t o  combine 
t h e  automatic l i g h t  microscope system proposed by Lederberg and h i s  
a s s o c i a t e s  w i t h  t h i s  type o f  miniatur ized e l e c t r o n  microscope 
system, i n  order  t o  achieve a mutually supplementary, step-wise 
a n a l y t i c a l  processing of the  samples. I n  many ways both systems 
complement each o the r  and can b e  used e i t h e r  combined o r  s i n g l y  i n  
appropr i a t e ly  designed planetary missions.  

cons iderably  l a r g e r ,  weighing over a ton with a t tached  power supply 
c a b i n e t s  , it i s  considered f e a s i b l e  t o  s u b s t a n t i a l l y  reduce t h e  
s i z e  and weight of microscopes wi th  advanced techniques.  Thus, by 
appropr i a t e  s c a l i n g  down of the l e n s e s ,  inc luding  t h e  p o s s i b l e  use 
of permanent magnet l e n s e s  which do n o t  r e q u i r e  a sepa ra t e  l e n s  
power supply,  it should be poss ib l e  t o  reduce t h e  column t o  about 
1 f o o t  l e n g t h  o r  perhaps even less; and t o  combine t h i s  w i t h  

a p p r o p r i a t e l y  miniatur ized high-voltage pointed f i l amen t  e l e c t r o n  
sources  and con t ro l l ed  power suppl ies .  It should be pointed out  
t h a t  t h e r e  have a l r eady  been severa l  success fu l  a t tempts  t o  produce 
commercially s m a l l ,  extremely compact e l e c t r o n  microscopes, such 
as the  RCA type EMT permanent-magnet e l e c t r o n  microscope. T h i s  

s m a l l  table-model microscope designed by Reisner and Dornfkad (8) 
has permanent magnet l enses  and a t t a i n s  a r e s o l u t i o n  of about 100 A. 
Elec t ron  microscope l e n s e s  have a very s m a l l  u s e f u l  numerical 
a p e r t u r e  (of  t h e  order  o f  100th r a d i a n ) ,  and t h e i r  depth of f i e l d  
i s  t h e r e f o r e  extremely l a r g e  compared w i t h  t h a t  of l i g h t  microscopes 
of high r e s o l u t i o n  where the  numerical a p e r t u r e  i s  l a r g e  (1 t o  1 . 6 ) .  
T h i s  l a r g e  depth o f  f i e l d  o f  e l ec t ron  microscopes i s  of p a r t i c u l a r  
i n t e r e s t  because i t  makes poss ib le  t h e  recording of s te reoscopic"  
views of o b j e c t s  having considerable  e x t e n t  i n  t h e  a x i a l  d i r e c t i o n .  
T h i s  would a l s o  considerably f a c i l i t a t e  recording of sharp images 
by remotely con t ro l l ed  servo systems. 

d 

Although a l l  present  commercial e l e c t r o n  microscopes a r e  
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d General design features of a simple miniaturized electron microscope: 

The schematic diagram (Figure 1) illustrates some of the general 
design features which can be incorporated into a miniaturized 
electron microscope for detection of extra-terrestrial life. The 
microscope column (with a length of 6 to 12 inches approximately) 
comprises a pointed filament source (of tungsten, or preferably 
rhenium for longer life) with a Schottky type of gun for T-F 
emtssibnL at accelerating voltages of 10 to 50 kV. One objective 
lens either of the permanent magnet type, or of the standard electrot, 
magnetic, or electro-static or superconducting lens type is shown 
here. However, it may be necessary to use an objective and projector 
gap in series to obtain higher magnifications. The image is 
recorded either directly onto a vidicon tube with fluorescent screen, 
or on image intensifier of the solid state type or of the scanned 
type (6). Alternatively, the speCial type of ultrathin photographic 
films on tapes could be used for recording of the image either at 
high magnification or after appropriate demagnification. The whole 
column assembly can be made very rigid and attached directly onto 
the television survey camera, or as a supplementary element to the 
vidicon microscopes currently being designed at the Jet Propulsion 
Lab oratory . 

At present, two basic approaches are being pursued in trying 
to solve the difficult specimen mounting and preparation problems: 
(a) There is a possibility of effecting a continuous scan of ultra- 
thin specimens (fine particles in aerosol suspensions, atmosphere 
samples, etc. ) by sandwiching between vacuum-tight (200 to 1,000 
thickness) single-crystal mica, graphite, aluminum or beryllium 
windows. These windows would be transparent to electrons, and in 
this case, the microscope itself would be constantly kept under 
high vacuum which does not have to be broken in order to examine 
the specimens. This would also permit a continuous sampling of 
wet or partially hydrated specimens, and the use of very fine 
ultratape" reels of indefinite length. 11 

The envisaged miniature objective pole pieces with a bore of 
lmm or less would be ideal for this approach. In the rarefied 
atmosphere of Mars this type zf specimen examination approach xay 
prove to be particularly useful. A variant would involve the use 
of an impaction plate (like in the case of the vidicon microscope 
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b'eing designed in Dr. Soffen's laboratory) (7) which can be 
periodically cleaned by suitable electrostatic filtering devices. 

(b) Specimens collected on a traveling ultrathin ribbon of tantalum 
or rhenium foil about 100 to 1,000 a in thickness and about 1 mm 
wide with appropriate reinforcements with suitably etched slits 
or holes (1 to 20 microns in diameter). These thin metal tapes 
can be fed automatically into the microscope after having been 
exposed to the environment, in the same way as the transparent 
tape first proposed by Lederberg et a1 (1) or by the Gulliver 
Biochemical Probe device being developed by Dr. Norman H. Horowitz 
of California Institute of Technology and by Dr. Gilbert V. Levin 
of Haselton Mhoratories, Inc. (7). The advantage of these rhenium 
or tantalum foils would be that no direct specimen substrate film 
is required, and that they can be re-used many times by appropriate 
heating to destroy old specimens. This practice of heating to 
incandescence in a vacuum has proven to be very effective to 
eliminate contamination. The "ultratapes" would be mounted on 
shields which can be operated by remotely controlled servo systems. 
A similar type of reel could also act as a substrate for the ultra- 
thin, very fine-graLned photographic emulsions used in recording 
electron microscope micro-images as described later. 

The miniaturized electron microscope would be equipped with 
an appropriately miniaturized ultramicrotome (e. g. of the Ferngndez- 
Morh type with "V-shaped diamond of sapphire bearings without 
lubrication" equipped with a diamond knife (5) for automatic 
production of ultrathin sections of the specimens which would be 

E 

automatically fed to the microtape specimen reel and examined 
directly by electron microscopy. It is also interesting to consider 
the possibility of using a similar device to produce an "aerosol" 
of very fine particles, by using a diamond knife revolving at high 
speeds, of even the hardest materials. These particles could then 
be examined in the previously described impact device. Alternatively, 
a miniaturized diamond drill with a servo-controlled motor would 
be used to prepare samples of the ddfferent strata of Martian s o i l .  

A l l  of these specimen preparation devices would automatically 
convert the sample into appropriate ultrathin sections or fragmented 
specimens suitable for electron microscopy. In analogy with the 
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ingenious design first proposed by Lederberg et a1 (l), one could 
combine ultrathin sectioning and ultrasonic dissociation of the 
specimens with a suitable centrifugal or ultracentrifugal separator. 
It should be possible to miniaturize these separators to permit 
use of density gradient techniques which would be of key value in 
sampling the environment and in obtaining specimens of the size 
range of virus particles and larger macromolecules (DNA, nucleo- 
proteins, etc.). The required high ultracentrifugal forces could 
perhaps be generated by a modified design of the Beams magnetic 
suspension ultracentrifuges suitably scaled down for this purpose. 

In its simplest form, such.a miniaturized electron microscope 
should not be more difficult to operate than are any of the other 
contemplated devices for detection of extraterrestrial life. Since 
all of its components are of rugged construction, and readily adapt 
to the already tested television cameras for space craft, these 
devices can be expected to perform reliably, without the need for 
sophisticated techniques. This point deserves particular emphasis, 
since it is generally accepted that high resolution electron 
microscopy does indeed require considerable sophistication and 
experience in experimental technique. Here we would not be dealing 
with high resolution electron microscopy, but rather with electron 
microscopy in an intermediate range of resolution which could yield 
a vast fund a useful information which is well beyond the limits 
of light microscopy. Moreover, this type of electron microscope 
can serve as a prototype for the special demagnification electron 
microscope to be described in a supplement to this report to be 
used for condensing information on ultrathin films for subsequent 
retrieval. 

* 

* 

6 

Design features of more advanced miniaturized high resolution electron 
microscopes: 

With present advances in the generation of stable superconducting 
electro-magnetic fields, low-temperature electron microscopy, etc. 
it is conceivable that the contemplated design of new types of 
high resolution (cryo-electron microscopes) immersed in a liquid 
helium cryostat using superconducting electro-magnetic lenses 
(3,4,5,9) and related types of miniaturized electron microscope 
systems may find direct application in the examination in situ of -- 
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iunar and planetary matter by electron optical techniques. 

in outer space, such a cryo-electron microscope could be miniaturized. 
By being of smaller size and invested with a far greater resolving 

6 power with useful magnifications of the order of lo5 to 10 times, 
than a light microscope, it would permit a greater range of 
applications, and thus supplement and extend the presently contemplated 
automatic light microscope systems for use on a planet as proposed 
by Lederberg and associates. 

low-temperature electron microscopy techniques (3 ,4)  it has been 
possible to design a new type of miniaturized high resolution 
electron microscope totally immersed in liquid helium. These 
11 cryoelectron microscopes" operating at temperatures of 1 to 4' Kelvin 
would embody the following significant features: 

In view of the already available high vacuum and low-temperature 

- 
9 

By further development of the concepts embodied in our earlier 
I 

(a) Highly stable superconducting electro-magnetic lenses, with 
very ripple-free magnetic fields of persistent current in the 
optimum. case; 
(b) Operation in ultrahigh vacuum and low temperatures resulting 
in decisive advantages of minimized specimen contamination, specimen 
damage and thermal noise; 
(c) Improved single-crystal pointed filament sources, with optimum. 
conditions for both low voltage (k.e., 1 to 10 kV) and high voltage 
electron microscopy. In addition, the use of high efficiency 
viewing (single-crystal fluorescent screens, fiber optics, etc.) 
and recording devices operating at optimum low temperatures would 
make it possible to use high speed cinematography and stroboscopic 
recording (e. g. obtained through pulsed T-F emission from pointed 
filament sources) for attainment of high temporal resolution conjhined 
with high spatial resolution. 

The described combination of optimized instrumental design 
parameters operative under conditions of minimized specimen 
perturbation represents one of the most promising coherent experimental 
approaches towards attainment of the theoretical resolution limit 
(about 2 A )  in direct examination of organic and biological structures. 
At present an instrument of the type shown in the enclosed figure 
is being developed at our laboratories in the University of Chicago, 
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As part of a comprehensive research program in the field of l o w -  
temperature electron microscopy (9). 

i 

Potential applications of electron microscopy in combination with 
other techniques for the detection of extraterrestrial life: 

L Based on the extensive background of classical terrestrial 

W the direct observation of structural detail at the various levels 
biological observations, both with the light and electron microscopes, 

of dimensional hierarchies lends considerable support to the 
morphological approach. While it is likely that certain structural 
attributes may be specific expressions of life, it is recognized 
that many other criteria derived from biochemistry, physical chemistry, 
and the physical sciences, are in fact, indispensable to characterize 
biogenic origin. 

With this in mind, it is interesting to note that an electron 
microscope can be readily used in combination with other techniques 

by introducing certain modifications in the design of the described 

techniques can be implemented: 
(a) X-Ray microscopy (11) particularly in the use of microabsorption 
x-ray spectrometry; 
(b) X-Ray microdiffraction which would be of particular use in 
examining larger bulk samples of fossil or other material. This 
could lead to the detection of the characteristic small-angle, 
x-ray diffraction pattern, for example, of collagen and other 
fibrous proteins which appeared to be uniquely specific for biogenic 
origin. 
(c) Different types of scanning microscopes (Nixon, Westinghouse) (6) 
which would be of particular operational value in the Martian 
rarefied atmosphere, since they could permit the use of microprobe 
analysis outside of the microscope itself. 

I to carry out correlated biochemical and biophysical studies. Thus, 

miniaturized electron microscope, the following powerful analytical 

Other conceivable applications would be in connection with 
mass spectrometry, micro-spectrophotometry, micro-histochemistry, 
micro-fluorometry, radio-isotope biochemical probes, and devices 
like the Wolf trap of Professor Wolf Vishniac for detecting the 
growth of micro-organisms. 
significance in connection with the detection of submicroscopic 

This latter combination is of particular 
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1 organisms, like viruses which may be potentially dangerous to man. 
It is, for example, conceivable that single-cell cultures could 
be kept frozen in special microchambers, then infected or otherwise 
placed in contact with extraterrestrial material and the subsequent 
changes in the thawed-out cell observed both by light and electron 
microscopy as well as by biochemical techniques. In fact, the Wolf 

optical techniques. 

8 

* trap optics lend themselves readily to adaptation for electron 

A l l  of these analytical systems complement each other and 
should be used in combined form in appropriately designed planetary 
missions. Electron microscopy is particularly suitable for the 
study of certain features of biological systems when adequately 
supplemented by the results of parallel biophysical and biochemical 
investigations. One of the most challenging problems that can be 
approached with electron microscopy in combination with x-ray 
diffraction techniques, would be the detection in Mars of the presence 
of highly organized repetitive, periodic but asymmetric fibrous 
and other anisodiametric structures at the macromolecular level. 
These have been hitherto found on earth to be characteristic of 
life, although admittedly no single criterion is acceptable. Thus, 
for example, the repeating pattern of 660 k observed in collagen 
both by x-ray diffraction and electron microscopy has been found 
to hold ttue'even far fossil specimt5ns. Such patterns,arG nQt 
exp$lcable sole2y'bg~Btat~stical combintXtion of Eandom asymmetric 
elerhenCs, but imply at least some form of replication, self-assembly 
and self-checking, which are quite distinct from the epitaxial growth 
of crystals. Although much work remains to be done in this area, 
it remains a fundamental problem to ascertain what morphological 
criteria at a given level of morphological organization are charac- 
teristic of biogenic origin. 

Once a given type of specimen has been thoroughly worked out 

. 

and understood, it would be possible to program these microscope 

of predetermined configuration. This latter possibility would be 
of special interest in case of ''electron microscope sensor and 
contamination monitoring devices." The merits of this approach 
are manifest when taking into consideration the example already 

systems to 11 react" specifically to a given submicroscopic entity 



discussed  by Lederberg ( 2 ) :  assuming capture  of a d u s t  sample of 

about  100 mil l igrams,  containing a t  most  100 micrograms of organic 
m a t t e r ,  perhaps lp,g (about  1 0  nanomoles) of a p a r t i c u l a r  spec ies .  
Appropriate  d i f fus ion ,  d i f f e r e n t i a l  u l t r a c e n t r i f u g a t i o n  techniques,  
e t c .  could be devised t o  separa te  such spec ies  and the var ious  s t e p s  

w monitored by l i g h t  microscopy u n t i l  t h e  enriched molecular spec ies  

can b e  examined d i r e c t l y  by e lec t ron  microscopy. I n  the envisaged 
sc ience  of metrology, t h e  order ly  s tudy of methods of measurement, 

( 2 )  t h e  descr ibed e l e c t r o n  microscopy and e l e c t r o n  o p t i c a l  techniques 
a r e  bound t o  p lay  a key opera t iona l  ro l e .  
descr ibed experimental approaches appears t o  be w e l l  w i th in  t h e  
p re sen t  c a p a b i l i t i e s  of technology and appl ied  s c i e n t i f i c  research.  

e 

Implementation of t h e  

- 13 - 



REFERENCES 

1. Lederberg, J. "Exobiology: Experimental Approaches to Life 
c Beyond the Earth," in "Science in Space," ed. L.V. Berkner 

and H. Odishaw, McGEw-Hill, 1961, 407-425. 
11 

I 2. Lederberg, J. Signs of Life. A Survey of the Detection Problem 
in Exobiology" - Exobiology Summer Study 1964. 

3. Ferngndez-Mor&, H. "New Approaches in the Study of Biological 
Ultrastructure by High-Resolution Electron Microscopy" in 
Symposia of the International Society for Cell Biology,R.J.C. 
Harris, editor, Academic Press, London - 1, 1962, 411-427. 

Biological Ultrastructure by High-Resolution Electron Microscopy,'' 
Journal of Royal Microscopy Society, - 83, 1964, 183-195. 

Exptl. Cell Research - 5, 1953= 255-256. 

(New York: Interscience Publishers, Inc., 1961). 

Extraterrestrial Life. NASA SP-56. (196 E ). 

11 4. Ferngndez-Mor&, H. New Approaches in Correlative Studies of 

5. FernLdez-Mor&, H. "Diamond Knife for Ultrathin Sectioning" 

6. Haine, M.E., and V.E. Cosslett. The Electron Microscope 

7. Quinby, Dr. Freeman H., (editor). Conce ts for Detection of 

8. Reisner, J.H. and E.G. Dornfeld. A Small Electron Microscope. 

c 

4 

J. Of Apple Phys. - 21: 1131-1139 (1950). 

9. Ferna'ndez-Mor&, H. , Electron Microscopy with High-Field 
Superconducting Solenoid Lenses. Proc. of Nat'l. Acad. Sci. 
Vol. - 533 No. 2, pp. 445-451, February 1965. 

Electron Beam Recording Techniques. Final Report, May 7, 1963. 
RADC-TDR-63-234. 
General Electric Company, Schenectady, New York for Rome 
Air Development Center Research and Training Division, Air 
Force Systems Command, Griffiss Air Force Base, New York. 

10. Newberry, S.P.; Buschmann, E.C. and Klotz, T.H. "Advanced 
11 

Prepared by Advanced Technology Labs, 

11. Engstrom,,&; and J.P. Finean. Biological Ultrastructure. 
Academic Press, New York, 1958. 

- 14 - 



TEXT OF ILLUSTRATION 

Figure 1: Schematic Diagrm of miniaturized electron microscope 
for Exobiology Studies. 
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Figure  lb: Schematic Diagram of Object ive Pole Piece 
of Miniaturized Electron Microscope Showing Vacuum- 
Tight  Microchamber wi th  U l t r a t h i n  S ingle-Crys ta l  
W i n d D w s  Transparent t o  Elec t rons ,  and Thin Tantalum 
Tape w i t h  Specimen Holes. 



SUPPLEMENT 

EXOBIOLOGY STUDY 

ANALYTIC SYSTEMS FOR THE BIOLOGICAL STUDY OF MARS: 
THE ROLE OF ELECTRON MICROSCOPY AND ELECTRON OPTICAL 
TECHNIQ,UES IN EXOBIOLOGY. 

Potential Use of Electron Microscopy for Ultra-Miniaturized 
Information Storage and Retrieval with Electron Optical 
Demaanification, Combined with Direct Retrieval of Recorded 
Microtape to Supplement Telemetry in Exobiology. 

The basic problem limiting the information retrieval envisaged 
from Mars or any other planetary mission seems to be the limit to 
the bits of information obtainable, of the order of about 10 bits 
of information, which is given by inherent telemetry parameters. 
There is also a long time interval involved. These limitations 
impose severe restrictions in the design of any type of system for 
the detection of extraterrestrial life. 

It is therefore suggested that the development of a miniature 

9 

microscope may also be of critical importance from the point of 
view of information condensation and retrieval. It has been demon- 
strated that the electron microscope cannot only be used to 
magnify but also to faithfully demagnify images several thousandfold 
(2, -6). In our case, we used a commercial electron microscope 
(Siemens Elmiskop) with a pointed filament source to produce very 
small microbeams of 100 to 1,000 A diameter to write and print 
out letter and diagrams which were only a few microns to a few 
hundred A in size (Fig. 2). This printing was done on specially 
developed ultrafine grain films of silver halide (silver iodide 
and silver bromide with crystallites of the order of 100 A; film 
thickness about 100-200 A ) .  Miillenstedt achieved the same results 
by a more complicated device involving modifications induced in a 
plastic film which were subsequently brought out by shadow casting. 

(Fig. 3). 
from letters to diagrams to oscilloscope signals, etc., in such 
a way that, in the optimal case, the contents of several million 
volumes of books can be condensed on an area of a single page 

This means Zhat one could record -:any type of information 
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s i z e  or i t s  equivalent .  Therefore,  t h i s  miniature  microscope 
approach appears t o  be ,  i n  genera l ,  app l i cab le  t o  t h e  whole problem 
of information c o l l e c t i o n ,  s torage ,  and r e t r i e v a l  which i s  a 
c r i t i c a l  bo t t l eneck  i n  e x t r a t e r r e s t r i a l  s tud ie s .  

S p e c i f i c a l l y ,  it i s  proposed t h a t  a l l  of t h e  information 
obtained during t h e  Mars missions and o the r  e x t r a t e r r e s t r i a l  missions 
be  cons iderably  condensed by e l ec t ron  o p t i c a l  demagnification ( r a t i o  
of demagnification, 1:1,000 t o  l:5O,OOO or more). T h i s  would mean 
t h a t  b i t s  of information,  g r e a t e r  i n  number by seve ra l  o rders  of 
magnitude, can be imprinted d i r e c t l y  onto r e e l s  of s p e c i a l  u l t r a -  
t h i n  t ape  by demagnification e l ec t ron  microscopy. 
t ape  of s i l v e r  h a l i d e  i s  about loo-200 A t h i c k  and can be mounted 
on s u i t a b l e  r e s i s t a n t  t h i n  tapes  of rhenium, tantalum, o r  o t h e r  
r e f r a c t o r y  ma te r i a l .  The amount of  information t h a t  could be  recorded 
i n  a t ape  r e e l  w i t h  a t o t a l  area t h e  s i z e  of a type-wr i t ten  page 
v a r i e s  from t h e  conten t  of a 1,000,000 volume l i b r a r y  (each  volume, 

of t h i s  u l t ramicro tape  a f t e r  recording would be  wound onto a bobbin 
of only a few cubic cent imeters  a t  most. This bobbin could be  
detached and provided w i t h  i t s  own j e t  propuls ion (p lasma or o t h e r  
type of propuls ion t h a t  i s  p r a c t i c a l  and longl ived f o r  such a s m a l l  
o b j e c t )  and with a r ad io  beacon or o t h e r  device t o  i n d i c a t e  and 
monitor i t s  presence and t r a j e c t o r y .  T h i s  "space c o u r i e r  pigeon" 
( i n  analogy t o  t h e  e a r l i e r  uses o f  microfilm transmission by pigeon 

making use of optimized naviga t iona l  techniques.  

reach of our e a r t h  or r e t r i e v a l  c a p a b i l i t i e s  i n  ou te r  space,  t h e s e  
microtape capsules  could be d i r e c t l y  r e t r i e v e d  and read-out i n  
space. 
contamination danger. A l s o ,  a t tempts  t o  b r ing  back the  capsule  
would probably involve p r o h i b i t i v e l y  l a r g e  devices  t o  prevent  i t s  
burning up upon reent ry .  I t  i s  r e a l i z e d  that  t h e  problem of 
r e t r i e v a l  i s  complex. However, many of t h e s e  capsules  could be 
s e n t ,  or many copies  of t h e  f i r s t  one made immediately and 
d i s t r i b u t e d  t o  en large  t h e  margin of r e t r i e v a b i l i t y  through redun- 
dancy. 

* 

W 

The u l t r a t h i n  

/ 500 pages)  t o  approximately a 10,000,000 volume l i b r a r y .  A r o l l  

c 

c o u r i e r  p o s t )  would be programmed t o  II home", back t o  e a r t h ,  by 
Once wi th in  the 

This i s  of p a r t i c u l a r  importance i n  view of the p o s s i b l e  

The problem o f  demagnification of t h e  image could be approached 
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i n  s e v e r a l  poss ib l e  ways: 
( a )  E i t h e r  t h e  vidicon image can be made t o  scan d i r e c t l y ,  using 
e l e c t r o n  microbeams and e lec t ron  o p t i c a l  demagnification through 
a permanently a t tached  miniatur ized e l e c t r o n  microscope, opera t ing  
i n  r e v e r s e ,  s o  as t o  p r i n t  d i r e c t l y  on t h e  very f i n e  photographic 
f i l m  which would be slowly unrol led from t h e  tapes .  It should be 
noted t h a t  from o u r  experience,  extending over more than  f i v e  
y e a r s ,  once p r i n t e d ,  t h e s e  s i l v e r  h a l i d e  f i l m s ,  which are of t h e  
d i r e c t  p r i n t - o u t  type and need no f u r t h e r  development o r  f i x a t i o n ,  
are very s t a b l e  t o  r a d i a t i o n  and preserve  d e t a i l  of t h e  order  of 
about 100 q u i t e  c l e a r l y .  T h i s  type o f  recording a t e l e v i s i o n  
image onto an area only a few square microns i n  s i z e  would be idea l  

s i n c e  t h e  d i r e c t  t e l e v i s i o n  image, w i t h  a l a r g e r  number of b i t s  

than  can be p r e s e n t l y  obtained, then can be read-out back on e a r t h  
o r  on space platforms wi th  a converted e l e c t r o n  microscope and 
image i n t e n s i f i e r ;  

( b )  The a l t e r n a t i v e  would be t o  use t h e  p r i n c i p l e  o f  advanced 
e l e c t r o n  beam recording techniques such as those  developed a t  General 
E l e c t r i c  by Newberry (1) or some o t h e r  type of u l t r a o s c i l l o s c o p e  
recording,  no t  only f o r  vidicon recording b u t  f o r  recording of a l l  
o the r  types  of information. 

* 

w 

i 

A c r i t i c a l  a n a l y s i s  of t h i s  admit tedly r a t h e r  specu la t ive  
proposal  r evea l s  t ha t  t h e  main ope ra t iona l  problem would be one 
of r e t r i e v a l .  It  remains t o  be demonstrated t h a t  i t  i s  f e a s i b l e  
t h a t  an ob jec t  only a few cubic inches o r  a f e w  cubic f e e t  a t  most, 
i f  provided w i t h  s u f f i c i e n t l y  compact power supply and nav iga t iona l  
a i d s ,  can nav iga te  back t o  earth with some measure of r e l i a b i l i t y .  
It might be  asked whether i t  could escape f i r s t  order  p e r t u r b a t i o n  

approached e a r t h  and could make a rendezvous w i t h  a space platform 
o r  with a l a r g e  type of s a t e l l i t e ,  can t h e  mechanism of read-out 
f u n c t i o n  r e l i a b l y  enough t h a t  it can be automated? Many of t h e s e  
ques t ions  a r e  ou t s ide  of t h e  domain o f  o u r  p r e s e n t  experience,  bu t  
i t  i s  perhaps conceivable that by t h e  time t h i s  concept i s  ready 
t o  be app l i ed ,  we w i l l  be f a r  enough advanced i n  our space 
technology t o  have space platforms which a r e  manned. Under t h e s e  
condi t iRns,  r e t r i e v a l  of t h e  space pigeon ( a l t e r n a t i v e  name: 

in f luences  on the way and b e  l i t e r a l l y  l e d  II a s t r a y . "  Even if it 
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"Minicomp" or Minicompo system) becomes much more practical. 

basic question, Is the expected gain in information storage 
and retrieval worth the whole effort?" Here, the answer is 
undoubtedly "Yes". First of all, there is no telemetry device 
that could conceivably carry this amount of information (of the 
order of d5 to lo2' bits) and provide truly significant data 
retrieval with a sufficiently high signal to noise ratio in an 
economical and reliable fashion, as the described micro-recorded 

Actually, the main problem here resolves itself into the 
11 

w 

e 

, 

-c 

image. Even if manned space flights to Mars become feasible, the 
use of information packages of this type is just as necessary 
as in today's communication network. No amount of teletype, 
telephone, or even television, can replace the letter, the book, 
drawings, pictures, blueprints, etc. 

to other planets and surrounding perturbations (magnetic field, 
sunspots, etc.) make direct electro-magnetic radio communications 
very long or actually impossible. Sooner or later, we w i l l  have 
to develop some type of a compact, condensed, ultra-miniaturized 
information storage and retrieval system. It will also be one of 
the safest ways of sampling alien environments with a minimum of 
cross-contamination, since a great deal of information can be 
recorded and transmitted without effecting actual bodily contact. 

It should be noted that development of this idea on earth is 
already of key significance in order to cope with the critical 
problem of information condensation and retrieval under the conditions 
of the present "information explosion" in the published bibliography. 
With all of these considerations in mind, it is suggested that 
this type of appraEtch be given serious consideration and assigned 
a reasonably high priority since it merits a determined and 
concerted effort. 

This problem will become even more acute as the distances 
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TEXT OF ILLUSTRATIONS 

Figure 2: Electron micrograph of ultraminiaturized circuit 
patterns produced by photoengraving with electron 
microbeam probes (500 to 1,000 diameter)on 
special ultrafine photographic film. X 10,000. 

Figure 3: Miniaturized letters (of less than 1 micron) 
engraved on thin collodion film using electron 
microbeam probes produced by demagnification in an 
electron microscope (G. Mzllenstedt and R. Speidel, 
Physik. B1. (16, 192, 1960). X 20,000. 
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C I R C U I T  PX1'TERk;S PfIODUCEI) UY PIIOTOESGRAVING ;;IT11 
ELECTRON hfICROBEIWi PHOUES (500 t o  1000 2 diameter) 
OK SPECIXL ULTRilFISE PlIOTOGKA~'II1C I.'lLM. X 10,000. 

F&&: H I N I A T U H I L E D  LE'I'TEM ( o f  less than 1 micron) 

( G .  b l b l l e n s t e d t  and  R .  S p e i d e l ,  I'hysik. Bl. 16,192,1960) 
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